It is essential to understand the changing patterns in reference evapotranspiration (ET 0 ) and its relation to climate variables. In this study, meteorological data obtained from the Sanjiang Plain (SJP) between 1959 and 2013 are used to calculate ET 0 via the Penman-Monteith method. This study analyses the spatial and temporal changes of ET 0 and determines which meteorological variables have an impact on this. The Mann-Kendall test, moving t-test, sensitivity analysis and simulated results have been used to conduct these analyses. The results demonstrate the following. (1) Spatially, there is an increasing trend in the annual ET 0 values in agricultural areas. However, significant decreasing trends (P < 0.05) can be found in mountainous regions. (2) Temporally, two abrupt changes can be detected in the early 1980s and the late 1990s for the entire SJP, leading to large inter-annual differences.
INTRODUCTION
Hydrological processes are influenced by both climate change and human activities, and the negative effects on such processes are becoming increasingly more critical. Since the 1950s, temperatures over land have increased on a global scale, which has made a huge impact on the water cycle (IPCC ). As a consequence, water supplies are in decline (Gao et al. ) , and various water-saving techniques are now being implemented to ameliorate this effect (Zou et al. ) .
Evapotranspiration is a major component of the water cycle. It involves both evaporation from soil and transpiration by plants, and accounts for 90% of the precipitation occurring in semi-arid and arid regions (Shweta & Krishna ) . However, due to the lack of measured evapotranspiration data, reference evapotranspiration (ET 0 ) is always used to estimate actual evapotranspiration, and it is widely utilized for predicting crop water requirements (Cruz-Blanco et al. ).
Although ET 0 values have changed globally over the past several decades, the changing patterns vary across different climate zones. For example, a number of studies from Mediterranean countries and Central Asia have shown that ET 0 values have been increased in these areas (Kitsara et al. world. For example, although Iran is categorized as having an arid and semi-arid climate, there are differing patterns in the trends of monthly and annual ET 0 across the country (Dinpashoh et al. ) , whereas studies in Argentina have found that most parts of the country have non-significant trends (de la Casa & Ovando ). Therefore, as regional differences in ET 0 values are evident, it is important to analyse these changes on the Sanjiang Plain (SJP) in China, to inform decisions on agricultural management.
Research indicates that ET 0 is affected by numerous factors, such as climate (Petkovic et For example, previous research indicated that wind speed (WS) is the most sensitive variable in the north and northwest of China and that ET 0 is less sensitive to relative humidity (RH) (Huo et al. ; Zhao et al. ) . In contrast, Sharifi & Dinpashoh () reported that ET 0 is less sensitive to WS in Iran, particularly in summer. In addition, it has been widely reported that RH as well as temperature is one of the most dominant factors controlling ET 0 (Vice- The SJP is a vast alluvial floodplain that is home to a substantial area of wetlands. This area has attracted considerable attention mainly in relation to environmental protection, but a few studies have focused on evapotranspiration on the SJP.
For example, Chen & Lu () analysed the relation between evapotranspiration and water evaporation in marshland using evaporimeters, and Sun & Song () calculated evapotranspiration using three methods and compared the differences with measured evapotranspiration; results showed that the Priestley-Taylor model was the most applicable method for use in modelling daily evapotranspiration from a wetland in the SJP. In addition, Guo & Sun () determined that surface resistance and net radiation are the main factors affecting evapotranspiration. However, although both these studies were conducted on the wetlands of the SJP, data records were not of an adequate length to describe characteristics of evapotranspiration under climate change. Therefore, the objectives of this current paper are: (1) to analyse spatial and temporal variations in the potential influencing factors and ET 0 ; (2) to determine the changes in ET 0 in response to these factors; and (3) to quantify the impact from each factor.
STUDY AREA AND DATA

Study area
The SJP is situated in the northeast of Heilongjiang pro- Agricultural areas are mostly located on the plain area of the SJP (Figures 1 and 2 ). According to the future plan for the next 15 years, there will be an increase of 5,000 km 2 in the area of paddy fields, leading to an increase in the need for agricultural water of more than 20 × 10 8 m 3 . It is thus necessary to investigate the changing pattern of ET 0 and to understand its relation with various factors.
Data
Daily meteorological records from 10 stations ( Figure 1) were collected for a 55-year period from January 1959 to 
(1) where ET 0 is the reference evapotranspiration (mm/d), R n is the net radiation at the crop surface (MJ/(m 2 ·d)), G is the soil heat flux density (MJ/(m 2 ·d)), (e s -e a ) represents the saturation vapour pressure deficit (kPa), Δ is the slope vapour pressure curve (kPa/ W C), γ is the psychrometric constant (kPa/ W C), T mean is the mean daily temperature ( W C) and u 2 is WS at 2 m height (m/s). The calculation for the parameters used in the FAO P-M method is provided in Chapter 3 of FAO-56 (Allen et al. ).
Data analysis
Several methods are used to analyse the long-term trend of ET 0 and meteorological variables in this study, including the linear trend analysis, the moving average method and the non-parametric Mann-Kendall (M-K) test. The M-K test is a non-parametric method which is used to statistically assess whether a monotonic upward or downward trend of the variable exists over time.
As the M-K test only shows whether the trends of variables are significant, the moving t-test (MTT) is also used to detect abrupt changes in time series. This method can assess the magnitude of change between two subsequences of a sample. As the length of a subsequence can influence the result, we calculate the results by setting two subsequences at 5 and 10 years. A comparison between these results will then assist in identifying any abrupt changes occurring within a sample series.
Contributing rate
The rank correlation coefficient and sensitivity analysis are used in this paper to analyse the impact of each variable on ET 0 . The rank correlation coefficient commonly includes the Spearman, Kendall and Pearson method, which measures the degree of similarity between two rankings and can be used to assess the significance of the relation between them. The sensitivity analysis is used to assess uncertainty in the output of a mathematical model. In the study area, four meteorological factors (temperature, RH, WS and SD) are studied. The sensitivity of ET 0 to these factors is then analysed by changing a single variable while holding the others constant. These factors are changed within a range between À20% and 20% at an interval of 1%. It is thus possible to study percentage change in ET 0 in response to these variables.
RESULTS AND DISCUSSION
Evolution of monthly and annual ET 0 However, when the two subsequences were both 10 years long, two abrupt changes occurred in 1983 and 1996.
Although it therefore appears that abrupt changes are sensitive to the choice of subsequence length, both the results reflect an increasing change in the early 1980s and a decreasing change in the late 1990s. Moreover, these changes are confirmed by the results provided in Table 1, wherein it can be seen that similar patterns occurred in the frost-free period. The increase in RH was greater than 1%/10a during May.
However, decreasing trends were detected during June to August. These changes in RH could therefore be important, meteorological variables from 1959 to 1980, which could explain temporal patterns in ET 0 mentioned in Table 1 .
Sensitivity analysis
Sensitivity analysis can be used to quantitatively analyse changes in ET 0 . The analysis is achieved by changing one variable while holding others constant. Figure 11 shows the curves determined by sensitivity analysis for It can be seen that the influence of each variable during the rice growing period is similar to that shown in the annual results. The influence of RH is again higher than the other variables, particularly in July and August. However, the sensitivity of ET 0 to each variable varies monthly.
For example, the sensitivity of ET 0 to WS decreases from May to August, and the values in May are twice as large as during the other months. However, the opposite pattern is seen for other variables. This could, therefore, be one of the reasons why ET 0 was significantly reduced in May.
DISCUSSION
According to the FAO-56 P-M method, this study analyses the trends of ET 0 and different meteorological variables that are related to, or used for, calculating ET 0 on annual and monthly scales. Results show that the annual averages of ET 0 were slightly decreased over the whole SJP (À0.44 mm/10a), but that regional differences were significant. Previous studies have reported decreases in ET 0 in the past 50 years throughout most regions of China, and decreasing trends have been found to be significant in 
CONCLUSION
By utilizing the FAO-56 Penman-Monteith method, we analysed the changing patterns of annual and monthly ET 0 on the SJP during 1959 to 2013. Evolution of related meteorological variables and the sensitivity of ET 0 to different variables was also analysed. The main results are as follows:
1. ET 0 changed slightly during the 50-year period, at a rate of À0.44 mm/10a; however, there were large spatial and intra-annual differences. The annual averages of ET 0 were increased in agricultural areas, while significant decreasing trends were found in mountainous regions.
2. In most cases, there were decreasing trends in WS, SD and RH, while temperature increased continually. The changing trends of WS and temperature were statistically significant (P < 0.05).
3. According to the sensitivity analysis, ET 0 is most sensitive to RH, followed by the temperature, SD and WS.
4. The simulated result showed that RH is the predominant factor influencing changes in ET 0 , but WS can also affect changes in ET 0 to a large degree ( Figure 12 ). 
